. Therefore, we measured mRNA and protein levels of cells was enlarged, as was the stratum granulosum, which contained more keratohyalin granules. Moreover, several cytokines including TNF-␣, KGF, and GM-CSF in wild-type and mutant fibroblasts in the absence or the localization of loricrin was scattered over a thicker upper cell compartment. Very similar alterations in kerapresence of human keratinocytes and IL-1, respectively. RT-PCR using mouse specific primers revealed an inductinocyte proliferation were observed in conventional two-dimensional feeder-layer cocultures that contained tion in the expression of KGF and GM-CSF in wild-type fibroblasts in the presence of keratinocytes (3.7-and growth arrested c-jun Ϫ/Ϫ and junB Ϫ/Ϫ fibroblasts, respectively (data not shown).
33-fold, respectively; Figure 3A ). Both KGF and GM-CSF transcripts were hardly detectable in c-jun Ϫ/Ϫ fibroblasts, No differences in the plating efficiency of keratinocytes were observed whether wild-type or mutant fibroeven in the presence of cocultivated keratinocytes (Figure 3A) . In contrast, junB Ϫ/Ϫ fibroblasts contained a high blasts were included. Regardless of their genotype, the fibroblasts remained vital for at least 10 days in the basal level of KGF and GM-CSF transcripts (3.5-and 34-fold, respectively), which were further increased in matrix, and the increase in cell number of c-jun Ϫ/Ϫ fibroblasts was only slightly reduced (Ͻ 20%) compared to the presence of keratinocytes (3.5-and 11-fold; Figure  3A ). TNF-␣ was expressed at similar levels, irrespective wild-type and junB Ϫ/Ϫ cells (data not shown). These data strongly suggest that c-Jun and JunB differently reguof the genotype of the fibroblasts and independent of the presence or absence of cocultivated keratinocytes late the expression of fibroblast-derived soluble factors, (data not shown). ELISA measuring the amount of KGF derived IL-1. Genotype-specific differences in fibroblast-derived KGF and GM-CSF seen upon coculture and GM-CSF proteins in the culture medium ( Figure 3B ) confirmed the RNA expression data. The level of KGF with keratinocytes ( Figures 3A and 3B) were also observed in fibroblast monocultures treated with IL-1␣ was greatly reduced in c-jun Ϫ/Ϫ fibroblasts, but further amplified in cells lacking JunB ( Figure 3B ). Very similar (data not shown). These data show that c-Jun is required for the expresresults were observed for GM-CSF protein levels, which were even more dramatically increased in junB Ϫ/Ϫ fibrosion of both KGF and GM-CSF, whereas JunB directly or indirectly suppresses expression of both genes. blasts ( Figure 3B ).
ELISA using human and mouse specific IL-1 antibodies confirmed that IL-1␣ in the culture medium is almost KGF and GM-CSF Regulate Specific Programs of Keratinocyte Proliferation and Differentiation exclusively derived from keratinocytes. Similar levels of human IL-1 were measured in all cocultures regardless
The lack of KGF and GM-CSF expression in c-jun
fibroblasts raised the possibility that the loss of either of the genotype of the fibroblasts (data not shown) ruling out the possibility that alterations in KGF and GM-CSF one, or both, cytokines was responsible for the observed phenotypes of keratinocyte growth and differentiation expression are caused by differences in keratinocyte- , 2000) shares significance in the dermal-epidermal interplay is only poorly understood. We concentrated our attention on many aspects of the initial phase of re-epithelialization and epidermis regeneration after wound healing (Werner factors that have already been suggested to play a role both in vivo and in the in vitro organotypic coculture. et al., 1994). Therefore, we feel that our findings on Junspecific regulation of fibroblast-derived KGF and GMIn c-jun Ϫ/Ϫ fibroblasts, KGF and GM-CSF expression is hardly detectable. In contrast, in junB Ϫ/Ϫ fibroblasts, ex-CSF will be of particular interest for these aspects of skin biology. pression of both cytokines was enhanced and, as was Cultures containing wt and junB Ϫ/Ϫ fibroblasts were generated in the absence or presence of neutralizing antibodies recognizing either murine GM-CSF (400 ng/ml) or human IL-1 (1g/ml). Cross sections were analyzed by hematoxylin-eosin (HE) staining, or analyzed for differentiation markers as described in Figure 1A . Bar: 100 m.
concluded from the epidermal phenotype, the balance KGF to a proliferative epithelium lacking the expression of marker genes for late differentiation, suggesting that of KGF and GM-CSF was shifted toward an excess of GM-CSF. This shift seems to be of functional signifiproliferating cells need additional signals to efficiently initiate the complete differentiation program. cance because GM-CSF neutralizing antibodies reduced the phenotype obtained by junB Ϫ/Ϫ fibroblasts. In vivo, KGF is described as a paracrine-acting growth factor produced by mesenchymal cells (such as fibroSmall differences in these rescued cultures (e.g., the appearance of multiple layers of loricrin-expressing blasts) to stimulate epithelial cell proliferation via KGF receptors expressed exclusively on epithelial cells (Rucells; Figure 5 
